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1. GENERAL 

1.1 This section provides REA borrowers, consulting engineers, contractors, and other interested parties 
with technical information for use in the design and construction of REA borrowers'’ telephone 

systems. It discusses in particular the use of voice frequency repeaters in subscriber j.oop applications^ 
for use in laying out new plant or in the upgrading of existing facilities to meet the objectives ot mooe c 
transmission. 

1.2 The emphasis on the use of the economical fine gauge cables dictates increased use of electronic 
amplification to reduce losses. A very substantial amount of transmission loss is associated vitu 

these gauges. Voice frequency repeaters provide a low cost, high gain method for reducing losses. In 
conjunction with the high return loss available with D-66 loading, repeater gains of as much as 11 are 
practical. Furthermore, because a repeater amplifies both the transmit and receive signals equally we , 
it not only raises the transmission level for the loop equipped with a repeater, but also helps improve 
the transmission of the overall connection. This is not true of one-way amplification devices which are 
also limited as to the useful amount of gain. 

1.3 The design procedure used to engineer subscriber loop plant is treated in REA TE & CM-424, Design 
of Two-Wire Subscriber Loop Plant,” and reference should be made to that section. This section 

discusses (a) some of the more important characteristics of voice frequency repeaters (b) the applica on 
considerations for terminal repeaters located at the central office and intermediate repeaters at field 
mounted locations and (c) the transmission performance which is expected. 

1.4 The type of repeater presently used for subscriber loop applications is the negative resistance type 
(abbreviated hereafter as NRR) but the design is not limited to this type repeater. Repeatei 

use a different principle of operation and which provide equal performance and meet all subscriber 
application requirements can be used assuming their cost is comparable. The principle of operatior 
NRR is discussed in paragraph 2.0 below. 

1.5 For applications where the repeater will be located at the central office the NRR provides a 
of 7.0 db. Of this, approximately 0.4 to 0.5 db is lost in the LBO so that the total net ga: 

the circuit is 6.5 db both in the transmit and receive directions. In terms of miles of loaded D-t 
cable this represents 8.2 miles of 22 gauge cable and 5.4 miles of 24 gauge at 1000 cps. ^Therefor* 
a C.0. mounted NRR is used, circuits can be extended in length by as much as the above values and 
transmission objectives are still met. The corresponding d-c loop resistance by which the outside 
is extended amounts to approximately 1500 ohms. 

1.6 For applications where the repeater is used in a field mounted location the NRR provides^ a a 
of 11 db of which approximately 1.0 db is accounted for by the loss in two LB0 f s. This gair 

represents an extension in the outside plant of 11.2 miles of 22-D-66 or 8.3 miles of 24-D-66 load 
cable, or 2000 ohms approximately in d-c loop resistance. 

1.7 The substantial amount of NRR gain used to engineer subscriber loops is a result of the unus 
impedance match possible with D-66 loading and the repeater impedance and this results in in 

and stable gain. This is not true of the H-88 loading system, particularly in the existing H-oo p 
had been engineered over the years on the basis of non-repeatered applications. Because subs tanti 
tions in cable mutual capacitance, load spacing accuracy and end-sections were built-in i-n exist in 
plant by design, only a limited amount of gain is advisable if the circuits are to remain ree o 
adverse effects of hollowness, echo, singing and frequency compression. 
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principle of repeater operation 
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ring d-c line continuity is maintained and d c for » M series _>'ith the line in a manner so that .tip and 
through the repeater. Because the * d d e ^ supervisory signals and ringing currents pass 

negative the net effect is that cirr^f' d ? nCe ? f tha bare oable is Positive while that for the HER is 
of insertion of negative resistance in a Une"* ^ ThUS the amplifies si « Mls the principle 

2,2 ~sss™irs.“S™^ R , t “ *»* **> i. t^h thi, 

part of the repeater which furnishes th* continuit y is maintained. There are two parts to that 

repeater unit which make g81n \ 8re the series " re ^ eater Qnd the "shunt 11 

actually in series with the line fed l* the gain ” unit ‘ The series repeater unit is 

line coupled by capacitors or a shunt tr f* line . transformer while the shunt repeater unit is across the 
shown in Figure 1. * transior mer m series with a capacitor. The gain unit of the NRR is 

manner. Fo^example^^^is^ossthl' 111 ^ 3 fUrnish gain to the circuit but do so in a different 
but this results in a poor ’imped a nee eonditinn^t +!? e se P es parb of the repeater alone to provide gain 
so that on toll calls the echo return u! f V* th ® P ° lnt ln the circuit where the repeater is placed 
his own voice delayed). To maintain highV^^ 0 ”? 8 ^ 6 iS l0W resultin S in talker echo (the talker hears 
series and shunt repeater units are US edL tUrn loss values and Provide the most gain possible both the 

(unlike four-wire voice fc frequencv 1 ren^ d t re<:eiVe PathS “ 8 two ~ wire circuit by the same amount 
directions of transmission). Because of this Ibil^ ™o SySte “ S WhiCh effectivel y hs ^ e separate 
presents the same impedance when viewed the SP® type repeater is called "bilateral" and it 

are interchangeable provided that the line b ii^ er palr of terminals. Thus, its "in" and "out" terminals 
faces the cable in terminal repeater applications^T^r^i (bB0 ^ desoribed in Paragraph 2.5 below always 
pair of terminals is terminated in a 900 ^° klng dnto the gain-unit of the NRR when the other 

dance remains essentially the same- that ann* h° r ln SerieS With 8 tW ° mioro:farad capacitor, its impe- 
can be Considered to be a 900 ohm resisted b, +°° 0h “! . ln series wit h two microfarads. Therefore the NRR 
gain. 0hm resis tor but an active resistor, however, because it is also furnishing 

It is a passiv^network'^consistingHof^coil^ 13 tbe .^ emalning other important part of the repeater, 
change the very complex impedance of the in a a s> aapacitors and resistors. Its sole purpose is to 
to a much simpler impedance such as a 900 oh^resisto P T WhiCh T®* 168 With frequency (and other Actors) 
by the LBO to look like a simple 900 ohm resist tor > for example. Wien a cable pair is thus modified 
unit is inserted in the cabl^because the repeat^ g °°P p ® rformance results when the repeater gain 
good matching is obtained throughout. P galn unit also looks like a 900 ohm resistor so that 

component (BOR), a high^requencv^corre ^ S0C ^ component > a resistance building-out 

Figure 2. All these^contributfln sZthi^ out^bf^ V V™ fre ^ ency corrector (LTC) as shown in 
to the simple resistance value discussed ir^oarsv-r c ° mple * impedance of the loaded cable and convert it 
this section for engineering subscriber 'oor -^lant ^ ab0Ve ‘ F ° r the type 0f “* nomall y used in 
pre-adjusted by the manufacturer. A different LBO ft ua^^h* 8 T * h ® LB ° 8re re 1 uired - The LB0 comes 
thxs section will accommodate LBO's "" 


The NRR used In 


3. REPEATER TRANSMISSION CHARACTERISTICS 

unit powered^from^LS volts' l unfiltered t °entfai e off l . loop plant is a two-wire transistorized 
amperes or less per repeater unit Tb! “ central office batteries with a current drain of 35 milli- 

vith no degradation in performance. The rmTcan be n a d1usted l0W ® SUPPly voltage as 15 volts d-c 

particular types described herein can be fixed ^ ! J to give as much as 13 db gain. However, the 
the unit mounted in a central office location and 11 o’db pr0Vld ^ ng 7 ;° db for terminal applications with 
No gain strapping is required for the fixed-gain time lnte ™ edlate or field mounted applications, 

in the transmit direction and the saL ^unf in tS^ece^direcliot'^ 1 th8t 7> ° * U '° db g8in 

superimposed Lc^i^^^went^ar^passed^^fh ^ penrls °7 si g nals and frequency selective or 
without the aid of auxiliary hvDass eam'njnpnf \r • re P ea ^ er without serious impairment and 

because these signals are amplified thc^same^s voice current^ ^nrr sdgIlaling is improved 5 when using NRR' 
overall subscriber loop resistance. This should be add^Tto the ^ 8 S a PP roxlm ately 60 ohms to the 
signaling limits of the central office equipment. ^ d 5 th ther resistance when determining the 

of the repeate^i^not^ffected^v “ etaUic direct current in the line of 40 ma. The gain 

when the d-c loop current is zero as, for example ^en^eltin^ 10 " 3 th d ? h8 S8me gain is obtained 
applications the surrounding temperature shoSi not exceed SoOF^r field ”° Unted 
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3-4 The repeater provides the ’same gain regardless of the talkers speech level. It does not clip and 
distort very weak or very loud speech signals. Because its maximum undistorted single frequency 
power output is +16 dbm, the repeater unit can he routinely tested directly with normal 0 db'm test tone 
input power leveu without compression. The gain of the NRR is effective across the entire voice frequency 
hand and heyond so that testing for gain can he performed at any frequency of interest using standard 6u0 
or 900 ohm test equipment. 

3.5 The NRR will work properly when calls are made from one repeatered loop to another repeatered loop, 
when calls are made through VNL+2 toll connecting or EAS trunks also equipped with NRR’s, other type 
voice frequency repeaters in a back-to-back fashion, or carrier derived circuits. 

3*6 Signaling is still possible through an NRR repeatered loop when the power to the repeater is cut off. 
This is because the d-c line continuity is still maintained through the line transformer in the NRR 
although there will be no amplification. When the power is off the circuit loss increases by approximately 
the amount of repeater gain. Thus, during an emergency communication can still be provided. 

3.7 Based on past experience, the protection characteristics of NRR's in withstanding lightning surges 

are excellent. Also they have extremely low maintenance based on the experience of several thousand 
repeater units. 

4. APPLICATION CONSIDERATIONS 

4.01 Subscriber loops in buried plant 1700 and 2000 ohms and greater outside plant d-c loop resistance, 
D-66 loaded, require NRR's (1500 ohms and greater for H-88 loading) in order to meet transmission 
objectives. When the loop has "long” end-sections a repeater is used starting at 1700 ohms. With *’ short 7 ’ 
end-section loops the repeater is used starting at 2000 ohms. For aerial cables the above values of 
resistance must be reduced by 12 percent. 

4.011 A "short end-section" D-66 loaded loop is defined as a loop having the maximum number of loading 
coils which can be placed in that length. The subscriber end-section in a short end-section loaded 

loop can be betveen 2000 to 4500 feet. If the subscriber end-section in a short end-section loaded loop 
is less than 2000 feet it should be built-out with a .030 microfarad building-out capacitor. 

4.012 A "long end-section" D-66 loop is defined as a loaded loop with as little as 4500 feet end-section 
after the last loading point but not exceeding 12 kf including all unisolated bridged taps. 

4.013 For existing H-88 loaded plant to be repeatered with NRR’s the maximum subscriber end-section length 
after the last loading point, including all unisolated bridge taps, should not exceed 6000 feet. 

Structural return loss measurements for the existing portion are furthermore recommended to verify that the 
as-built plant is free of impedance irregularities. Observing this precaution with existing H-88 plant will 
help eliminate the substandard transmission performance shown in Figure 13 when the NRR’s are installed. It 
is recommended that the structural return loss measurements be made at the ACD stage, so that if the measure* 
plant performance is not found to be sufficiently adequate the 4.5 db NRR gain recommended in paragraph 4.02; 
should be reduced to between 2.5 to 3*0 db. The structural return loss measurements are described in REA 
TE & CM- 44 5, "How to Make Structural Return Loss Measurements," and reference should be made to that Section 


4.02 C.Q. Mounted Repeaters 

4.021 Use terminal NRR’s with 7.0 db gain using the distance range in Table I for one uniform gauge D-66. 

4.022 Use terminal NRR’s with 7.0 db gain using the resistance range in Table III for mixed gauges D-66. 

4.023 For existing H-88 plant a NRR with 4.5 db gain should be placed at the central office starting at 

1500 ohms. This will provide adequate transmission up to 2400 ohms. For assuring adequate band- 
width and for avoiding hollowness or near singing conditions it is strongly recommended that end sections 
be kept at 6000 feet total or less . 

4.03 Field Mounted Repeaters 

4.031 Use intermediate NRR's with 11,0 db gain using the distance range in Table II for uniform gauges 
and the resistance range in Table III for mixed gauges D-66. 

4.032 Intermediate repeaters with H-88 are not recommended because on repeatered loop-to-loop calls their 
use results in frequency compression which degrades the transmission. This is shown in Figure 11 

for ideal H-88 outside plant. Gains higher than 4.5 db are not recommended because of possible hollowness 
and near singing effects. In actual practice performance can be worse due to deviations ,in cable mutual 
capacitance, spacing deviations and other factors. Figure 13 shows the performance with such plant. The 
response is highly irregular, conversation sounds hollow and the quality of transmission very poor. The 
circuit is on the borderline of instability. 

4.04 For a NRR operating in a terminal central office location one LB0 only is required of the same type 
as the loading system used. The LB0 must face the cable side of the repeater as shown in Figure 2(b; 
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m 2 Circuit Bandwidth 
13 Evenness of Response 
lh Sidetone Level 
L5 Stability 
L6 Noise 
17 Crosstalk 
]_8 Echo Return Loss 
19 Singing Point 

echo return loss and singing point performance are of primary importance on connections involving the 
network. 

2 lie net lo.s £* other loop. 

, poS (KXS ££‘&. w".l-;.“ o.... ere .*» In 3-10. 

3 Where lo.dlnp is used, f 

,tn :!sr;xtr o .Ln:odto.srL“»< >o ? U r ~. r ». » 

) type telephone sets transmit well up to 3^00 cps so that they are used to adva g 
3 ical D -66 loaded loops with TOR'S and various end-section lengths is shown m ugur 

.31 Long D -66 loops with TOR’S under the condition “^^^^^fthe'centra^off^e!^ 

shown in Figures 8-10. In Figures 8 and 9 P ^i-rference in the values of insertion loss 

Figure 8 the deviation in the ^ ^ ^000 cps of gain becomes larger or the circuit 

tween these two frequencies) is approximately also j n Figure 9 this deviation is 

£ rr rss=^is^J-?s- - 

.32 Ths discussion in p.r.gr.ph 5.31 .«y. 1— “ ‘S’.KS' SDS' W~- 
because the cutoff is approximately 4600 cps, it is p - obtain circuits having 

ge and with several intermediate E -6 repeaters «* « “”»: “? “peater loop calling another long 

good bandwidth. In other words, under the wors . th D _gg loops because of the wide band 

■peater loop) frequency compression does not become a problem with Dbb loops o ^ ^ ^ case> 

railable. With other types of loading ^ -^sSwn in Figure 12 where two intermediate TOR's are 
iere, severe frequency compression results. This is a ®, onno cus it is 24 db. This is with 

10 wn! Whereas the insertion loss at *»° and^eal'cable Ltual capacitance. In 
S 3000 cps & is 3 lXand 39-5 db, respectively. 

5.33 H -88 loading will more likely be encountered with .jjw^iatiOBa whictTwillbe the rule rather 

more realistic to also account for (a) the load sp “8 under older cable specifications and 

ban the exception (b) the higher mutual cable = apacl £“'* f^^ e ^ a " 0 ° a which are realistic for 
c) the possibility for some moisture in the cable. in FiSre 12 will be further degraded. At best, 

^provide circuirbandwidths'u^toluoolps, 2300 cps transmission would be offering the subscribers 
xtremely poor service. 

5.4 Reference to Figures 2-10 on repeater insertion gain and 

for the repeatered loss of the subscriber loop natural and therefore pleasing talking 

leaks and valleys. Because of this smoothness the circuits^ circu lts are being operated with fairly 

Luality. This is also characteristic of D -66 ^^^^f^he frequeS response » was the case with 
ligh amounts of gain. The presence of peaks a “ d a . .J fl and n e a r singing conditions in repeatered 

’ormer transmission practices produces undesirable hollown very undesirable and psychologically 

Loops in the talking condition and this is poor transmission. It is very unaes 

iisturbing to the subscriber. This is shown in Figure 3 . 

5 - 5 of thl*-^ 

sidetone levels appreciably. 

5.6 Repeatered circuits with NRR’s are to b ® ^a^n^t^d ^uring 1 the t progres ! Tof 0 a call a subscriber 
"stability design" method. This means that at no time during the^progr ^ cros8talk or tones are 

experiences singing conditions or spurts of singing a “ d t wlth circ uits using the "stability 

being induced into other cable pairs. From a maintenance standpoint with e ^ ent s, like cable, 

design, little attention need be paid to the rep«t«> £g£ “ wlce frequency repeater 
for example. Thus, maintenance personnel need not be particularly skiiiean 
specialties. All the examples shown in Figures 3-10 are unconditionally stable. 
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TABLE I 

RANGE OF DISTANCES FOR C.O, MOUNTED NER*S 
ONE U13TF0EM GAUGE ONLY 
EXCHANGE CABLE .083 MF/MI NOMINAL 
BURIED PLANT ONLY 1 


D -66 W ITH "SHORT" 2 END-SECTION 


NRR DISTANCE RANGE, 


START PLACING REPEATER AT: 7*1 MI (37-5 KF) 2k -ID- 66 
LIMIT SAME REPEATER TO : 12 . k MI ( 65.6 KF) 24-D-66 


START PLACING REPEATER AT: 11.2 MI (59-2 KF) 22-D-66 
LIMIT SAME RESTATED TO : 19-6 MI (103 KF) 22-D-66 


p ,66 WITH "LONG"g END-SECTION 

START PLACING REPEATER AT: 6.1 MI (32.2 KF) 2k-D~66 
LIMIT SAME REPEATER TO : 10.7 MI (5 6.5 KF) 24-D-66 


START PLACING REPEATER AT: 9.5 MI (50.2 KF) 22-D-66 
LIMIT SAME REPEATER TO : l 6.8 MI ( 89. 1 KF) 22 -D -66 


TABLE II 

RANGE OF DISTANCES FOR FIELD MOUNTED NRR’: 
ONE UNIFORM GAUGE ONLY 
BURIED PLANT ONLY 1 ^3) 


A. D -66 WITH "SHORT" 2 END-SECTION 


NRR DISTANCE RANGE 


START PLACING REPEATER AT: 12.4 MI 


LIMIT SAME REPEATER TO 


15.3 MI 


6 KF) 

7 KF) 


START PLACING REPEATER AT: 19-6 MI (103 KF) 
LIMIT SAME REPEATER TO : 24.0 MI (l®7 KF) 

B. P-66 with "long" 2 end-section 

START PLACING REPEATER AT: 10.7 MI ( 56.5 KF) 

limit same repeater to : 13*5 mi ( 71 . 5 kf) 

START PLACING REIPEATER AT: l6.8 141 ( 89 . 1 KF) 

LIMIT SAME REPEATER TO : 21.4 MI (112.8 KF) 


24-D-66 

24-D-66 

22-D-66 

22-D-66 


24-D-66 

24-D-66 

22-D-66 

22-D-66 


NOTES 1. FOR AERIAL PLANT REDUCE DISTANCE BY 12 PERCENT 
~~ 2. AS DEFINED HI PARAGRAPHS 4.011 and 4.012 

3. POUR RINGERS MAXIMUM ONLY 4 

4 . OTHER REQUIREMENTS IN PARAGRAPH 4.09 AISO APPLY 
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TABLE III 

RANGE OF RESISTANCE FOR C.O. AND F IELD MOUNTED NKR's 
MIXED GAUGE CABLES D-66 LOADED 
EXCHANGE CABLE .O 83 MP/MI NOMINAL 
BURIED PLANT ONLY V 1 ) 


REPEATER 

LOCATION 


D -66 LOOP 
END SECTION 
LENGTH (2) 


IIHR RESISTANCE R 


C.O. 

SHORT 

START PLACING REPEATER AT: 
LIMIT SAME REPEATER TO : 

2000 

3500 

OHMS 

OHMS 

C.O. 

LONG 

START PLAaiNG REPEATER AT: 
LIMIT SAME REPEATER TO : 

1700 

3000 

OHMS 

OEMS 

FIELD 

SHORT 

START PLACING REPEATER AT: 
LIMIT SAME REPEATER TO : 

3500 3 

4300 

OHMS 

OHMS 

FIELD 

LONG 

START PLACING REPEATER AT: 
LIMIT SAME REPEATER TO : 

30003 

3800 

OHMS 

OHMS 


NOTES 


1 ‘ RESISTANCE BY 12 PERCENT 

2. AS DEFINED IN PARAGRAPHS 4.011 and 4.012 
3- POUR RINGERS MAXIMUM ONLY. 

4. OTHER REQUIREMENTS IN PARAGRAPH 4.09 ALSO APPLY 
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CHART II 

VARIOUS POWER FRED ARRANGE ENTS 
FOR I OLE MOUNTED NRR's 
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